The current study examined the histology-specific impact of neoadjuvant chemotherapy (NACT) with a taxane/platinum regimen on survival in women with locally-advanced cervical cancer who underwent radical hysterectomy. This nation-wide retrospective cohort study examined women with clinical stage IB2-IIB cervical cancer who received NACT prior to radical hysterectomy from 2004-2008 (n = 684). NACT type (taxane/platinum versus others) was correlated with survival based on histology: 511 squamous versus 173 non-squamous. Taxane/platinum chemotherapy use was more common in non-squamous compared to squamous tumors (53.8% versus 20.7%, P < 0.001). In both histology types, the taxane/platinum regimen was more frequently utilized over time (both, P < 0.01). Among squamous tumors, women who received taxane/platinum chemotherapy had survival comparable to those who received other regimens: 5-year rates for disease-free survival, 69.0% versus 70.1%, P = 0.98; and cause-specific survival, 80.0% versus 81.0%, P = 0.93. Similarly, in non-squamous tumors, disease-free survival (5-year rates: 60.4% versus 59.0%, P = 0.86) and cause-specific survival (74.7% versus 76.3%, P = 0.70) were similar. In conclusion, use of 
Introduction
Cervical cancer is the most common gynecologic malignancy in the world, and more than 527,000 women were estimated to have been diagnosed with this disease in 2012 [1] . The prognosis for women with cervical cancer largely relies on cancer stage and treatment modality. Generally, treatment type is based on disease stage, and women with locally-advanced disease (stage IB2-IIB) most commonly receive chemo-radiotherapy per the guideline recommendation in the United States [2] . In Japan, these women often undergo primary surgical treatment with radical hysterectomy [3, 4] .
Surgical treatment with radical hysterectomy for stage IB2-IIB cervical cancer imparts significantly increased perioperative morbidity compared to definitive radiotherapy-based treatment [5, 6] . Moreover, postoperative radiotherapy, particularly with concurrent chemotherapy, following radical pelvic surgery even further compounds the risk of treatment-related toxicities [7] . For these reasons, the efficacy of NACT prior to radical hysterectomy has been examined to see if this reduces treatment-related toxicity and improves survival [8] .
In a recent meta-analysis, NACT was reported to improve survival compared to surgical treatment alone [9] . Their study population represented mixed histology types, and histology-specific effects of NACT were not assessed [9] . Although non-squamous tumors, such as adenocarcinoma and adenosquamous tumors, remain relatively uncommon, they have proportionally increased among cervical cancers over time [10] . Moreover, these non-squamous tumors seem to have different tumor biology and possibly a different chemotherapy response compared to their squamous counterparts [10, 11] . Therefore, histology-specific evaluation for NACT will be of use in the management of women with cervical cancer.
Mounting data have shown that taxane/platinum doublet chemotherapy regimens seem to be effective in cervical cancer [12] [13] [14] [15] . Yet, histology-specific effectiveness of the taxane/platinum regimen as NACT has not been completely elucidated, and whether the response to this regimen in non-squamous tumors differs compared to squamous tumors remains understudied. The objective of the study was to examine the histology-specific association of NACT with a taxane/platinum doublet regimen and survival in women with stage IB2-IIB cervical cancer who subsequently underwent radical hysterectomy.
Materials and Methods

Data Source and Eligibility
This study is a secondary analysis of a prior surgical database that consisted of consecutive cases of women with clinical stage IB-IIB cervical cancer who had radical hysterectomy between 2004 and 2008 at 116 institutions [16] [17] [18] [19] [20] . Institutional Review Board approval was properly obtained for the study. Eligible criteria for the study were women with clinical stage IB2-IIB cervical cancer who underwent NACT followed by type III radical hysterectomy. Histology was limited to squamous, adenocarcinoma, or adenosquamous types. Exclusion criteria included clinical stage IB1 disease, no or unknown NACT status, or rare histology types. 
Clinical Information
Study Definition
Cancer stage was based on the 2014 International Federation of Gynecology and Obstructs (FIGO) system [21] . Deep stromal invasion was defined as tumor invasion into the outer-half of the cervix per the Japanese Society of Gynecologic Oncology system [22] . Tumor size cutoff was based on the 2014 FIGO system [21] . Institution was grouped by the registered hospital volume for NACT as high (≥40 cases over 5 years), mid-high (20-39 cases), low-mid (10-19 cases), and low-volume (<10 cases), arbitrary grouped every 10-20 cases as adopting and modifying the results of a recent study (cutoff 20 cases) [23] . Adjuvant therapy was grouped as whole pelvic radiotherapy alone, concurrent chemo-radiotherapy, systemic chemotherapy alone, or both systemic chemotherapy and radiotherapy.
DFS was defined as the time interval between NACT initiation and the first recurrence or death from cervical cancer. CSS was defined as the time interval between the NACT initiation and the death from cervical cancer. Cases with alive status at the last follow-up were censored for analysis. Anatomical site for the first recurrence was grouped as local or distant as previously described [16] [17] [18] [19] [20] .
Statistical Consideration
The primary objective of the study was to examine the histology type-specific association of NACT regimen and survival in women with clinical stage IB2-IIB cervical cancer who received NACT prior to radical hysterectomy. The secondary objective of the study was to examine clinico-pathological factors related to NACT regimen choice. Two histology cohorts were examined for analysis: squamous type and non-squamous type (adenocarcinoma/adenosquamous). In each cohort, taxane/platinum regimens and other regimens were compared.
Differences in continuous variables were assessed with the Student t test or Mann-Whitney U test as appropriate. Differences in categorical variables were assessed with the Fisher exact test or chi-square tests as appropriate. The Kaplan-Meier method was used to construct survival or cumulative incidence of recurrence curves, and the log-rank test was used to examine the differences among the curves.
Cox proportional hazard regression models were used to adjust models to examine the association of NACT regimen and survival. Covariates with P < 0.05 on univariate analysis were included in the model to analyze the patient demographics that contributed to NACT regimen choice. Stepwise adjustment was performed to examine associations in each layer. Hazard ratios (HR) and 95% confidence intervals (CI) were used to express the magnitudes of statistical significance.
In a sensitivity analysis, the interactions of each NACT regimen type and survival were examined. Among those who received taxane/platinum regimen, cross-comparison of histology type was also assessed. A P-value of less than 0.05 was considered statistically significant (two-sided hypothesis). Statistical Package for Social Science software (IBM SPSS, version 24.0, Armonk, NY, USA) was used for all the analyses.
Results
Study Cohort
Among 6,003 cases in the surgical database, there were 2,445 cases that had radical hysterectomy for clinical stage IB2-IIB cervical cancer with known NACT status. Of those, 684 women received NACT prior to radical hysterectomy and represented the study cohort.
Chemotherapy Choices per Histology Type
As the entire cohort, the most commonly used chemotherapy regimens were irinotecan-based (n = 223, 32.6%) followed by taxane/platinum (n = 199, 29.1%), mitomycin-based (n = 91, 13.3%), and fluorouracil-based (n = 71, 10.4%). Among the taxane/platinum regimen, carboplatin/paclitaxel (n = 92, 46.2%) was the most common combination followed by carboplatin/docetaxel (n = 60, 30.2%) and cisplatin/paclitaxel (n = 44, 22.1%).
In squamous tumors, the most commonly used regimen was irinotecan-based (39.9%) followed by taxane/platinum (20.7%; Table 1 ). In non-squamous tumors, taxane/platinum (53.8%) was the most commonly used regimen followed by irinotecan-based and fluorouracil-based regimens (both, 11.0%). Across the two histology types, taxane/platinum doublet regimens were more commonly used in non-squamous tumors compared to squamous (53.8% versus 20.7%, P < 0.001). The median cycle number of administered NACT was 2, and more than 80% of cases received 1-2 cycles of NACT. Administered cycle number was similar between the two histology groups (P = 0.16). Among those who received postoperative chemotherapy, women who received the taxane/platinum regimen for NACT were more likely to again receive the taxane/platinum regimen (91.8% versus 28.8%, P < 0.001). Chi-square test for P-values. Significant P-values are emboldened.
Patient Demographics per Histology Type
In both histology types, there was a significant increase in the utilization of taxane/platinum chemotherapy during the study period: in squamous type, 9.8% in 2004 to 32.2% in 2008 (2.3-fold relative increase, P = 0.005); and in non-squamous type, 45 .8% in 2004 to 75.7% in 2008 (65.2% relative increase, P < 0.001; Table 2 ). Hospital volume was significantly associated with taxane/platinum use in both histology types, and in squamous tumors this regimen was more commonly used in low-mid and low volume centers, whereas in non-squamous tumors this regimen was more commonly used in low volume centers (both, P < 0.05).
In squamous tumors, types of adjuvant therapy received were similar in those who received taxane/platinum chemotherapy regimens compared to other chemotherapy regimens. By contrast, in non-squamous tumors, women who received taxane/platinum NACT were less likely to receive adjuvant therapy in the first place (21.7% versus 78.3%), but if they did, were more likely to receive adjuvant therapy with concurrent chemo-radiotherapy (62.9% versus 37.1%) compared to those who received non-taxane/platinum NACT (P = 0.048).
Histology-specific Surgical-Pathological Factors
Results from hysterectomy specimens are shown in Table 3 . In the squamous group, surgical-pathological factors were similar between those who had received taxane/platinum chemotherapy and those who had received other regimens (all, P > 0.05). In the non-squamous group, there was a higher frequency of large tumor size in the taxane/platinum group compared to the non-taxane/platinum group (57.3% versus 73.3%, P = 0.033) but other factors were similar between the regimens (all, P > 0.05).
Survival Outcome
The median follow-up time of censored cases was 5.7 years (interquartile range, 2.3) for the squamous cohort and 5.5 years (interquartile range, 2.3) for the non-squamous cohort. There were 158 and 73 survival events in the squamous and non-squamous groups, respectively, during the follow-up time.
Among squamous tumors, women who received taxane/platinum chemotherapy had survival comparable to those who received other regimens ( Figure 1 ): 5-year DFS rates, 69.0% versus 70.1% (P = 0.98); and 5-year CSS rates, 80.0% versus 81.0% (P = 0.93). After adjusting for year, surgical volume, and adjuvant therapy type (Table 4) , the association between NACT type and survival remained insignificant among squamous tumors, and the taxane/platinum regimen was not associated with DFS (adjusted-HR 0.88, 95%CI 0.58-1.34) nor CSS (adjusted-HR 0.87, 95%CI 0.53-1.43) (both, P > 0.05). Among 109 women who did not receive any postoperative therapy, survival was similar between the taxane/platinum group and the non-taxane/platinum group (DFS P = 0.96, and CSS P = 0.25).
Similarly, among non-squamous tumors, DFS (60.4% versus 59.0%, P = 0.86) and CSS (74.7% versus 76.3%, P = 0.70) were similar between those who received taxane/platinum chemotherapy and those who received other regimens (Figure 1) . The use of a taxane/platinum regimen was not associated with DFS (adjusted-HR 0.84, 95%CI 0.50-1.39) nor CSS (adjusted-HR 0.91, 95%CI 0.49-1.70) (both, P > 0.05).
Sensitivity Analysis
A pairwise comparison was performed between the NACT regimens (Table 5) . In squamous tumors, use of an NACT regimen was not associated with DFS (all, P > 0.05), including taxane/platinum versus irinotecan-based regimens (P = 0.65). Similarly, in non-squamous tumors, a NACT regimen was not associated with DFS (all, P > 0.05). Likewise, DFS was similar among three taxane/platinum regimens in the two histology groups (both, P > 0.05). Recurrence patterns for local and distant sites were similar between those who received taxane/platinum chemotherapy and those who received other regimens for both squamous and non-squamous tumors (all, P > 0.05; data not shown).
Among women who received taxane/platinum NACT, those with non-squamous histology had poorer DFS compared to those with squamous histology although it did not reach statistical significance (HR 1.44, 95%CI 0.90-2.30, P = 0.12). Similarly, among women who received non-taxane/platinum regimen, those with non-squamous histology had poorer DFS compared to those with squamous histology although it did not reach statistical significance (HR 1.38, 95%CI 0.93-2.04, P = 0.11). Cox proportional hazard regression models for adjustment models. Association of neoadjuvant chemotherapy type (taxane/platinum versus others) and survival was adjusted for the listed covariates in each layer: calendar year (continuous), surgical volume (low/low-mid, mid-high, and high), and adjuvant therapy types (none, radiotherapy alone, concurrent chemo-radiotherapy, systemic chemotherapy alone, and both). Abbreviations: HR, hazard radio; CI, confidence interval; year, calendar year; volume, surgical volume; and adjuvant, adjuvant therapy. 
Discussion
Prior controlled trials that examined the effectiveness of NACT for locally-advanced cervical cancer were conducted with either squamous histology alone [24] [25] [26] [27] [28] [29] or mixed histology types including both adenocarcinoma and adenosquamous histologies [8, 30, 31] . Some investigators have examined the effectiveness of NACT prior to radical hysterectomy in non-squamous tumors; however, this was in a non-randomized setting [32] . Collectively, trials examining the difference in NACT response by histology type are largely lacking in the literature.
Moreover, only one controlled trial previously examined the taxane/platinum doublet chemotherapy regimen as a NACT regimen, but the control group did not consist of those who received non-taxane/platinum regimens for NACT [26] . Outside of these trials, the effectiveness of a taxane/platinum doublet NACT regimen has been examined in cervical cancer; however, these prior studies had relatively small sample sizes (median size 35, range 14-115), lacked a control arm consisting of those who received non-taxane/platinum NACT regimens, or did not stratify treatment response by histology type [32] [33] [34] [35] [36] [37] [38] [39] [40] . Thus, while prior studies have suggested a possible utility of this regimen for NACT in cervical cancer, due to these limitations, interpretation of these results has been difficult and has been challenging to adopt in practice.
As various studies have previously suggested that sensitivity to chemotherapy differs across histology subtypes in cervical cancer, and it is thought that non-squamous tumors have a more favorable chemotherapy response [41] [42] [43] , examining the histology-specific response to NACT will be of value. Based on this rationale and background, our study is unique in demonstrating that taxane/platinum is comparable to non-taxane/platinum regimens for NACT in both squamous and non-squamous cervical cancer.
Taxane/platinum chemotherapy regimens have not been compared to other multi-agent regimens in the setting of NACT for locally-advanced cervical cancer. Outside of the NACT setting, this regimen was compared to various regimens for salvage chemotherapy [13] [14] [15] . In GOG-204, taxane/platinum regimens had superior survival compared to three other regimens, although it did not reach statistical significance [13] . In GOG-240, taxane/platinum regimens had overall survival similar to taxane/topotecan regimens regardless of bevacizumab use [15] . From this prospect, our study is similar to these studies. Of note, adenocarcinoma and adenosquamous cases made up 18-29% of their study populations, but a sub-analysis was not performed isolating non-squamous histology types.
There has been a significant increase in the utilization of taxane/platinum regimens for NACT in cervical cancer, particularly in squamous tumors. The exact causality is not known, but it is speculated that mounting evidence supporting the effectiveness of this regimen as well as a favorable toxicity profile and treatment schedule may be partly responsible for the choice of this regimen by both providers and patients. This may be particularly applicable following a 2003 phase II trial the NACT regimen with paclitaxel/carboplatin seemed to be effective with acceptable toxicity [39] . As the vast majority of participants in this trial had squamous histology, it may be possible that increasing utilization of taxane/platinum regimen in squamous tumors was influenced by such a trial.
Our study showed that nearly one third of patients developed disease recurrence in the first five years following the NACT-based approach. Indeed, our results externally validate a recent randomized trial that demonstrated similar survival statistics with the use of a taxane/platinum-based NACT regimens for stage IB2-IIB squamous cervical cancer (5-year DFS rates: 69.0% for ours and 69.3% for their trial, respectively) [26] . Notably, in this trial, the NACT-based approaches were inferior compared to definitive radiotherapy for early locally-advanced cervical cancer [26] . While the exact causality is unknown, it is speculated that the NACT-based approaches may provide inadequate treatment for local tissue [26] .
Another biological plausible explanation for decreased survival with NACT use may be acquired chemotherapy-resistance. A recent meta-analysis demonstrated that reduction of high-risk tumor factors following NACT did not directly translate into an improvement in survival [44] . In ovarian cancer, use of NACT is suggested to increase platinum-resistance, possibly due to the presence of residual cancer stem cells after NACT [45, 46] . In cervical cancer, a recent study reported that increased expression of a cancer stem cell marker after NACT was associated with decreased survival [47] . Overcoming chemoresistance in recurrent cervical cancer after NACT may be an emerging issue in the future [11] .
A strength of our study is that our sample size is likely one of the largest reported in the literature. We performed a histology-specific analysis, which has considerable clinical implications in patient management. Due to the retrospective nature of this study, there may be missing confounding factors for analysis. For example, information regarding treatment decisions for NACT could not be assessed. Generally, women who undergo NACT may not be suitable for primary surgery due to decreased performance status or medical comorbidities. Similarly, the decision to choose the NACT regimen was not retrievable. Thus, while there seems to be inter-hospital variability in chemotherapy choice (Table 2) , lack of this information makes this association unexplainable. While this study did not examine neoadjuvant radiotherapy use, this is a rare practice in Japan. Preoperative tumor factors were also not available for analysis, which have a definite impact on survival and constitute a critical limitation.
A second limitation of this study is that this database lacks information regarding response rates for NACT and treatment-related complications and morbidity. Thus, a composite end-point for analysis combining survival and morbidity following NACT was not possible. A third limitation is that serum squamous cell carcinoma antigen levels were not available for analysis. This has been reported to be a predictor of NACT response in squamous cervical cancer [48] ; however, it is unknown if these results may have been used in treatment decision-making regarding whether or not to proceed with NACT in these women. The fourth limitation of this study is that this database does not include information regarding tumor differentiation grade. A recent population-based study suggests that grade is an important prognostic factor in squamous cervical cancer, particularly in early-stage disease [49] .
A fifth limitation is that while chemoresistance after NACT is an intriguing concept as previously described, our study does not have information regarding treatment type in recurrent cases of cervical cancer, so we are unable to examine this issue. The sixth limitation is that there were multiple NACT regimens administered in our study population. Because there is no current consensus regarding the optimal regimen for NACT, the large variation in chemotherapy regimens included in this study makes both interpretation and application difficult in practice. Some authors advocate the use of weekly paclitaxel, while others utilize a 3-week regimen for cervical cancer treatment. This analysis was not feasible in this study [50] . Finally, the lack of a control arm with primary surgery or radiotherapy limits the interpretation of our results to determine if NACT-based approaches have different survival effects compared to these other modalities as reported in a recent trial [26] .
Conclusions
In conclusion, use of taxane/platinum regimens for NACT significantly increased during the study period. Irrespective of histology type, in women with clinical stage IB2-IIB cervical cancer who underwent NACT prior to radical hysterectomy, taxane/platinum regimens had a similar effect on survival compared to non-taxane/platinum regimens. The clinical utility of this study may be in the area of preoperative assessment and patient selection for NACT in women with stage IB2-IIB cervical cancer. Our study suggests that histology type is not a key factor for NACT response. Thus, it is reasonable to consider chemotherapy type based on the toxicity profile when NACT is considered for treatment. As taxane/platinum chemotherapy is a regimen that is relatively easy to administer and has a favorable toxicity profile compared to some other regimens, utility of this regimen merits further exploration. 
